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Surmarv.

1. Reasonsforinquiry.-Thetestswereundertakento find

theeffectof turbulencein theairstreamupontheliftanddrag

forcesmeasuredon modelsin thefour-footwindtunnelat the

MassachusettsInstituteof Technology.

were
. drag

2. Rangeof investimtion.-Maximumliftsandminimumdrags _=

measuredon C%ttingen-387andR.A.F.-15aizfoils,minimum

on a streamlinedstrut,andthestaticpressuregradients

fordifferentconditionsof turbulence.

3. Resultsandfurtherdevelopments=-There~~ts sh~~that ..

the scaleof theturbulence(asdefinedin“thisreport)hasa

markedeffectuponthemeasuredforceson modelstestedin the

tumel aswellas on thepressuregradient,andit is recommends

thatfurtherinvestigationof thephenomenabe madewiththeaid -.

of smokeandsmallwindvanes.

-

t Inordertoobtainsome
. flowina windtunnelon the

ideaof theeffectof turbulenceof

foroesmeasureduponmodels,itwas.



. decidedto encouragesuchturbulenceby theintroductionof wire __

screensdirectlybehindthehoi~eycomb.he screensconsistedof

wirenettingof variousdegreesofmeshstretchedacrossthemouth

of thetumel immediatelydownstreamfronthehoneycomb.Three

suchscreenswereusedsuccessively,onehavinga meshof 3 ~er

inch,another,10per inch,anda third,20 perinch. Whatever

turbulenceexistedin thetunnelbeforetheintroductionof a

screenwouldundoubtedlybe modifiedin eitherqualityor Cpanti-

ty by tinescreensandconnectedinformationconcerningitsef-

fectswould,thereby,be obtained.As a meansof detectingany

suchchaagein theconditionof theturbulence,fozcesweremeas-

uredupontwoairfoils(R.A.F=15andG8ttingen387)181’spanand....=

3[1chordandon a streamlinedstrut1811longand1 1/4[[wideand

of finenessratio3. Thesetestswerecarriedoutat 40,35, “

and30 milesperhour,exceptfortheten-meshscreenwhereit ._
.

wasnotpossibletoobtain40 M.P.H.andforthetwenty-mesh .-

screenwhereit wasfoundimpossibleto obtainmorethan30 M.P.H.,

owingto thethrottlingeffectof thesefinerscreens.

‘EmResults.

It wasnotconsiderednecessaryto measuremorethanthe

maximumliftand theminimumdragforeachcase,andthesehave

beencomparedin theappendedtableof resultswiththosemess- _.

uredpreviouslyin thelargewindtunnelat 40M.P.H. —

In general it wasfoundthat the maximumlift andminimuzn
●
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dragof thetwoa:rfoilsdecreasedforthesamewindspeed-asthe’-.—
screenbecamefiner,~iththeone~xceptio~,thattheliftof the

G8%tingenairfoilat 30M.P.H.was slightlygreaterfor the fine...— ----—
screen thanforthemediumscreen.Ia thecaseof thestream-

linedstzuttheresultsappearedto follo~no suchlaw,being —.
apparentlyentirelyunsystematic.If,however,fromtheminimum

dragsat 35and30 M.P.H.thedragat 40 M.P.H.is calculated ~.
assumingit tovaryas thesquareof thevelocity,someinterest- “

ingdeiiuctionscanthenbe drawn. Thedragcoefficientat WY ...

particularvalueof Vt is increas~by theintroductionof a

screen,whilethescaleeffectis of a verysimilarorderappar- —

entlyforall screens(SeeFig.1).

Thedragreadingsof thespindleusedto supporttinemadels

havebeenincludedin theresultsof thisreport,anditwillbe

seenthat,at anyonewindspeed,thesedecreaseas thescreen

becomesfine~,exceptin thecaseof the,finestscreen(20per

inch). In changingfrom35 M.P.H.to 30 M.P.H.,thedragin

thiscasewasfoundto increase.

A furthertestwascarriedouton thetwoairfoils,in

whichtinemediunmeshscreen(10perinch)wasplacedwithin1.2

inchesof theleadingedgeof themodel,and23.5inchesdown-

streamfromthehoneycomb.Comparingtheseresultswiththose

of thesamescreenplaceddirectlybehindthehoneycomb,at

35 1,1.p.~*,it willbe seenthatbothmaximm liftandminimum

dragreadingshaveincreased.

.-
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Forthepurposeof comparison,thereadingsof maximumIift _

andminimumdragmeasuredat 40M.P.El.in the

beenincludedin th”etableof results.l%ese

fzoma previousreporton testswiththesame

sideredthatthetur-oulenoein thistunnelis

largetunnel,have

havebeentaken

models. It i.6COn-_

of a lessviolent

naturethanin thesmallertunnel,sincethehoneycombis~ch

fartherawayfromthemdel, andthata conp~isonof results

obtainedwiththoseof thepresentworkmightthrow=me ~i@t . _.

upontheprobableeffectof thescreensupontheconditionof the

flow. FroutheR.A.F.15resultsitwouldappearthatthetests _
.

in thelargetunnelarecomparablewiththosein thesmall~n:l

witha screensomewhatfinerin meshthanthreeper inch,but

probablynotso fineas tenperinch. The liftanddragreadings

seemto conformwiththedescendingnumericalsequenceof the

smalltunnelresults,beinga littlelowerthanthoseforthe, .—
t

threeperinchscreen.TheG&ttingenairfoilappearsat first

sighttobe inconsistent,Thoughthelift.islowerthanthat

measuredinthesmalltunnel,clear,thedragishigher- This

lackof conformityintheresultsmaybe duetothetiownfact
.

of therebeinga markedscaleeffectuponthissection.Forsuch

a section,turbulencewouldtendtoproducea reduceddzag~

Thesefacts,therefore,showthecomparisonof theresultsob-

tainedin thetwotunnelstobe extremelyimportantin confir~ng

thepresenceof turbulentflowin thesmalltunnelanditsapP~-r-_

, entdecreasecausedby theintroductionof screens.
●
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Effectu~onSiaticPressureDrop.
-.

Thedropin staticpressuredownthetunnelhasbeendeter-

minedin theopentunnelandfora fewoaseswithscreens.The

resultsareinteresting.Thelargemeshscreen(threeperinch)

decreasedthetotal

comeszerovviththe

veryslightlyagain

dropalongtheworkingsection,andthisbe-

mediummeshscreen(tenperinch)increasing

with

Beforeanydefinite
.

thefinescreen(twentyperinch)- . ..

Conclusions.

conclusionscanbe drawnfromthiswork

itwouldseemnecessaryto setdo~ theideawhichit is intended

to indicateby theuseof thetermturbulence.Thepresenceof .—
vorticityin theairflowof a windtunnelisunquestionable,and

. canbe visualizedby theintroductionof a seriesof narrowsilk

streamersintotheairstreaq.It isthestructureof thisso-

calhd “turbulencetlwhichhasbeeninvestigatedin thepresent

work.

Thattheintroductionof a wirescreenintotheaiTstreamof

a tunneltendstoproducea lessturbulentflowis thegeneral”.—
conclusiontobe drawnfromtheforegoingexperiment.It is also

shownthattheturbulencetendstodieoutmorerapidlydownstream

as thescreenbecomesfiner(assumingllnoscreenllas thedatum —

condition).

InFig.2 is shown
, effecton thedragof as

a characteristictypeof curveof scale

streamlinedbody. Thedottedlinecurve



b -6-
.

representsa similarrelation,theairstreampossessinga higher

degreeof turbulence;It willbe notedthattineeffectof the

turbulenceis to shiftthecurveup andto theleft,increasing

thedragat a givenvalueof VZ. At lowvaluesof theReynolds

number,however,thisconditionceasestohold,thedragat a

givenvalueof VL beingreducedwhenthe VL is small andin-

creasedwhenit is large. Itwst be pointedoutin thecaseof

thestreamlinedstrutthatthescaleeffecton thistypeofbody

isverylarge.As willbe seenfromFig.1, a decreasein the ___

apparentturbulenceas indicatedby theintroductionof a screen

raisesthecurveof dragat valuesof V1 andmovesitto the

right. Thereseemseveryreasontobelievethattinecurvefor

l~noscreefir’in thetunnelwillflattenoutathighervaluesof

VL than-appearson thecurve,andthatthiswillcausethe
. curvestocross,introducinga phenomenasimilarto thatjust

. recorded,butat highervaluesof Reynoldsnumbers.

In connectionwitlntheobservedeffectof screenson the

dropin staticpressuredownthetunnel,someinterestingdeduc-

tionsmaybe drawn. Itisunfortunatethattheparallelsec-

tion”ofthetunnelinwhichtheseexperimentswerecarriedout

isveryShort,andsatisfactorymeasurementsofchangeinveloc-

—

ityfrompointtopointdownthe

measurements,however,havebeen

speedwasfoundto increase1/4%

tunnelcannotbe made. Such

madeat theN.P.L.,andthe

perfootof run(R&M564).

Usingthefollowingstatementof thefirstlawof thermody-

.
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namics,we candeducea relationbetweenstaticpressure,wind

speed,androtationalenergyor theenergyof turbulence:

u =~+Et+Cp +Gr+=COn~t. (1)

u = totalenergyin onepoundof air.

~h = heatenergyin onepoundof air=

C* = translationalenergyin onepoundof air.

E* = rotationalenergyinonepoundof air.

. 6P = potentialenergyinonepoundof air.

Ifwe considerthechangestakingplacebetweentwopoints,

A andB, behindthehoneycombAU = O, we canassumeas an ap- “

prOXitTEtiOnthat Jkh= O andthattheexpansionis adiabatic.

Thenwe have:

and

_L -Y /k
~2+c k-~—+<r

Zg 1P ~ = const. (2)
k–

.

(3)

Equation(3)enablesone to forma mentalpictureof the

energychangestakingplacebehinda screenorhoneycombin a .—

windtunnel.A unitmassof airdirectlybehindthehoneycomb

hasa certaintotalenergywhichis co~osedof kineticenergy .-

of translation,kineticenergyof rotation,andPotentialenergy.

As thismassof airmovesdownstreaminan ordinarytunnel

thepotentialenergydecreases(pressuredrop) thekinet+c
,
s



●

~8-

&nergy!~of translationincreases,

decreaseinpotentialenergy,while

decreasesS1OW1Y,keepingthetotal

Nowtheintroductionof a fine

accounting fora partof the

therotationalkineticenergy

constant.

meshscreeninto thetunnel

Undoubtedlyincreasestheabsol??tevaluesof %> andtheob-

servedfactthata fine–grainedturbulencedieso~trapidlyinz....._

dicatesthat CY is changing,veryrapidlybehindsucha scr%?!> “

andifa screenof moper proportionsis chosenthedecreasein

Cr mayjustbalancetheusuallossesin energywhichcausea

pressuredropdownstream.I; is,of course,understood‘~attbe
b

pressuredropdueto frictionon thewallshasbeenneglected‘n _

theabovediscussion,bUt,as willbe seenby an inspectionOf

TableI, the
. drop,andwe

. conclusions.

dropdueto frictionisa smallpartof thetotal, .

aresafeinneglectingit indrawingqualitative—.,.-—

.

Thelossin pressuredueto frictionon thewallsof the

tunnelcanbe calmlatedby theequationsof Fritzcheandof ..._

StantonandPannell.l?ritzchefsequationsare:

P =K$6V2

I

t

,

P =

z.=

d=

6=

v=

K=

dropinpressureinpounds.

lengthof pipein feet. —

diametezofpipein feet.

weightof ohecubicfootof air inpounds.

velocityof flowin feetpersecond.

coefficient= 4.58x 10-”4X d-”2GgX V-”14s
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StantontsandPannell!sresultsaregivenby:

P =4c~z6v2

dgm

inwhich P, t,d,5,

Vm =

c =

havethesame.meaningasbefore.

meanvelocitywhichmaybe takenas
.95X normaltunnelspeed.

coefficientwhichisapproximately
given by:

c = .00148- .00021(logVd- 2.2).

Thepressuredropsdue to frictionaloneforvarioustun-
.

nelshavebeencomputedon thebasisof StaritonlsandPannellts

results,andareincludedin Table1.

.
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Table I.

PressureGradientforVariousWindTunnels.

I Drop
Location Size lb/sq.ft/

ft.

WashingtonI
NavyYardI 8x8

M.I.T. 17.5’dia.

N.P.L.‘ I~ 7X7#1

N.P.L. I 7x7#2

N.P.L.
I
‘ 4x4#l

N.P.L. 4X4+2

M.I..T, I 4’ dia.

N.P.L. ‘.3x3
I

N.A.C-A* 5;dia.

Bur.Stan. 31 dia.

Bur.Stan. 10Tdia.

WashingtonwithSCT
NavyYard 8X8

.0138

.0138

.0137

.0207

.0248

.0310

.0640

a0470

●0350

.0340

.0077

● 0000

>ropdueto

I

Drop
friction lb/sq.ft/

lb/sq.ft/dia.dia.

I

.041
I

● 041

.041 I

.041

.043

.043

,043

●044

.042

.044

.040

.041

.110

.110

-096

●145

.@JcJ

.124

.256

.141

.175

● 102

,077

.000

Dietance
from

honeycomb

81

3t

-—

--

38:
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Screen+

3

10

20

.Nane

3

10

20
.

None
.

3

10

20

10 ~

None

40

40

——

---

35

35

35

35

30

30

30

30

35

40
I I
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~rmm. ry ofResults.

lax.lift(lb.)
lot’c.387 RAF15 GOtt.3g7

(screen33”upstreamo~

2.428

2.181

--

--

1.886

1.78?

1.683

--

1.386

1.309

1.219

1*222
i

1.71’?

1.591

--

--

1.324

1.216

1.163

--

0.980

0.893

0.851

0.832

.0429

* 0403

--

——

●0334

.0325

.0312

--

.0283

.0260

.0244

.0236

(screen 12”upstreamof

1.820 II1.259 .0362

(sevenandone-halffoo

~

Min.drag(lb.)
RAFl!5\Strut

them’del)

*019s

.0198

--

--

.0158

.0157

■ 0140

--

.0115

,0113

b0101

P0093

.0366

.0404

--

.-

-0330

.0356

.0356

—-

-027!5

.0321

.0309

● 0331
I

;hemodel)

,0170[--

3pindle

.0459

.0433

--

--

.0357

.0340

.0331

--

.0259

.0253

.0248

.0266

--

I
windlttinel

*

lb/sq.f-i/
ft.

Pressure
drop ..

4064 ..?-”
.040 ‘,

--

—-

--

--

-000

--

--

--

--

.010

--

--

x Numberof meshesperinch.

.t

.
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Fl~.1.Changein scaleeffecton etrutduetoscreens.
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Fig.2. Cuxveof sce,lee~fcct.


